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@ Improvements In 2-wlro analog communication systems. 

@ A data communication system uses a 2-wlre transmitter 
2 which adjusts the current through the pair of wires 17 
between 4 and 20 mA to represent a process variable; this 
can be sensed by an analog-to-dlgital converter 70, across 
a resistor RO, feeding a display 74. A communication device 
8 can Interrupt the PV analog signalling for digital signalling. 
Device 8 draws a 16 mA current for 1 bit time, and this is 
sensed by transmitter 2, which ceases PV transmission. 
Device B then sends 1 or more bytes, by drawing 0 and 
18 mA current pulses, which are sensed by transmitter 2. 
Transmitter 2 can then send data back to device 8 by raising 
Its output to 20 mA, and dropping It to 4 mA for 1 bit time 
each, then transmitting the data as 1 or more bytes with 
M logic levels 4 and 20 mA. A steady level of 4 mA for a 
01 predetermined period t is recognized by either device as the 
If) end of digital signalling, and the transmitter 2 resumes Its 
analog PV output 
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IMPROVEMENTS IN 2 -WIRE ANALOG COMMUNICATION SYSTEMS 

The present invention is related to data communication 
system^, and more specifically to analog systems of the 
2-wire type utilizing power supply circuits. 

2-wire analog transmission systems are well known. One 
standard form of such systems utilizes a power supply coup- 
led to a transmitter via a resistor, with the transmitter 
sensing some condition and signalling the value of the 
sensed condition by controlling the current drawn from the 
power supply between 4 and 20 ma. The 4 ma minimum current 
is sufficient to energize the circuitry of the transmitter, 
and the excess of current drawn, above the 4 ma level, in- 
dicates the value of the condition. 

This system has the limitation that its accuracy is 
limited to at best around 0.1%, and is essentially a uni- 
directional system with the transmitter being essentially 
uncontrolled and transmitting continuously. While such sys- 
tems are well established, they are therefore limited in 
both accuracy and function. Furthermore, although micro- 
processor techniques are being utilized in the construction 
of transmitters, only very limited advantages can be taken 
of the facilities which such techniques permit, because of 
the analog and unidirectional nature of the transmitters in 
the system. ** 

The object of the present invention is to provide a 
simple yet 'ef f ective expansion of such systems to permit 
digital as well as analog signalling. 

Accordingly the present invention provides a data comm- 
unication system comprising: 
a DC power 'supply; 

a transmitter coupled to the power supply by a pair of 
supply lines over which it is energized and which senses a 
condition and controls the current flowing through the supply 
lines accordingly to generate an analog output; and 
means for sensing the current flowing in the supply lines, 
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characterized by a communication device , coupled to the 
supply lines, which can generate a digital sequence of sig- 
nal pulses represented by two different current levels 
drawn from the supply lines; 

the transmitter being responsive to the first such pulse 
to terminate its analog output and receive the subsequent 
pulses. 

A system embodying the invention will now be described, 
by way of example, with reference to the drawings, in which: 

Figure 1 is a block diagram of the system; 

Figure 2 is a diagram of the communication device; 

Figure 3 is a diagram of the transmitter; and 

Figures 4A and 4B are waveforms of the operation of 
the system. 

In Figure 1, a power supply 4 is coupled to a trans- 
mitter 2 via a pair of lines 17, one of which includes a 
resistor RO of at least 250 fi. The transmitter 2 draws a 
current of between 4 and 20 mA, in dependence on a sensed 
condition (commonly called the process variable, PV). The 
transmitted signal may be sensed, for example, by an analog- 
to-digital converter 70 coupled across the resistor RO and 
feeding a display unit 74. The power supply 4, of course, 
produces a constant voltage, so that the current transmitted 
by the transmitter 2 is converted to a corresponding voltage 
across resistor RO. 

In addition, the wires 17 have a communication device 
8 coupled to them. This device may for example be a hand- 
held device, somewhat like a pocket calculator, with a key- 
board and display, which can be plugged onto, the wires 17 
at any convenient point. 

For digital communication, the normal steady or slowly 
varying process variable signal is effectively interrupted, 
and digital signalling occurs, using the two signal levels 
of 4 to 20 mA. Two directions of signalling have to be 
considered; from the communication device 8 to the trans- 
mitter 2, and vice versa. 
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Considering first the initiation of digital communic- 
ation by the communication device 8, during this operation 
the device 8 accepts or "sinks" 16 mA from the line pair 17 
for a binary 1 and 0 mA for a binary 0. The transmitter 2 
senses this current variation as a voltage change across 
its input /output terminals. This voltage change occurs 
because the 16 mA drawn by the device 8 for a 0 causes an 
additional 4 V voltage drop across the resistor RO, and this 
4 V change appears at the input to transmitter 2. By the 
use of bandpass filters, the transmitter 2 responds only to 
voltage variations substantially more rapid than those all- 
owed in analog signal transmission. Thus the transmitter 2 
can send both analog and digital signals but receives only 
digital signals. 

15 Figure 4A shows waveforms for a data transmission init- 

iated by the device 8. The main waveforms is the total 
current through the resistor RO, i.e. the combined currents 
drawn by the transmitter 2 and the device 8. When the de- 
vice 8 initiates communication with the transmitter 2, the 
process variable (PV) current can be anywhere in the range 
of 4 to 20 mA. The communication device draws an additional 
16 mA from the loop making the total loop current 20 to 36 ^ 
mA. This occurs for only one digital bit time and is used \ 
as a "signal initiation "bits to signal to the transmitter 
25 2 that communication is being initiated. The voltage at 

the transmitter input terminal will drop by 4 V. When the 
transmitter 2 senses the drop in voltage at its input /out- 
put terminals, it waits for one bit time' and then drops its 
own current drain from the former process variable level to 
30 a new level of 4 mA. This current drop is matched by a 

concurrent drop in current drain by the communication device 
8 from 16 to 0 mA. Total loop current then drops from the 
range of 20 to 36 mA down to 4 mA, giving a 0 bit. The 
transmitter 2 maintains its current drain of 4 mA until 
the communication operation is finished. The loop current 
is then set for each bit, including the "stai-t" bit 1 and 
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any parity bits, to 4 or 20 mA by the communication device 
8. These variations in current are sensed by the trans- 
mitter 2 as changes in voltage across its input /output ter- 
minals, whereby each bit is sensed. When the communication 
from the communications device 8 to the transmitter 2 is 
finished, indicated by steady loop current of 4 mA for a 
predefined time period t, the transmitter senses this and 
adjusts its current drain back to the former process variable 
(PV) level within the range of 4 to 20 mA. 

The communication format shown in Figure 4A comprises 
the transmission of 2 bytes Bl and B2 of 8 bits each. Each 
byte is preceded by a 0 bit for reference and a 1 start bit. 
The 0 level following the second byte B2 lasts for the time 
t, as shown. 

Figure 4B shows waveforms for a digital data trans- 
mission initiated by the (PV) transmitter 2 to the device 8. 
The transmitter 2 forces its current drain to increase from 
the process variable level (4 to 20 mA) to 20 ma. It holds 
this current level for one bit time as a "signal initiate" 
bit S, then drops the current level to 4 mA. This 0 is also 
held for one bit time, after which the information trans- 
mission starts with a "start" bit 1. Digital transmission 
from the transmitter 2 to the device 8 continues with the 
loop current being varied by the transmitter 2 between 4 and 
20 mA for each bit until the communication operation is 
completed. Completion of the communication operation occurs 
when the loop current is held steady at 4 mA for the pre- 
defined time period t, after which the transmitter 2 adjusts 
the loop current back to the former process variable level 
in the range of 2 to 20 mA. Figure 4B shows the transmission 
of a single 8-bit byte Bl. 

Figure 2 shows the communication device 8 in more 
detail. The device consists of 3 main sections: a commun- 
ications controller, a current driver 26, and a current 
receiver 24. The communications controller section includes 
a microprocessor CPU 10 coupled to a keyboard 40 and .a 
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universal asynchronous receiver transmitter DART 12. The 
CPU 10 is also coupled to a display device, a clock source, 
a RAM, and a ROM (not shown), as is well known. The CPU 
10 controls two gates Gl and G2, gate Gl being fed from the 
serial data out output of UART 12, and gate G2 feeding the 
serial data in input (SDI) of UART 12. 

Gate Gl feeds the current driver section 26. This 
consists of an attenuator and filter R1-R2-R3-C1 feeding 
an amplifier Al with a feedback resistor R5. Amplifier Al 
drives a power output field effect transistor FET1, which is 
connected serially between resistors R4 and R7 across the 
line pair 17. 

The line pair 17 is coupled to the current receiver 
section 24, which feeds gate G2. In this section, the line 
pair 17 feeds a filter R8-C2, which in turn feeds an amp- 
lifier A2 via a protection network D1-D2 and resistive 
coupling R13-R12. Resistors R9, RIO, and RU provide volt- 
age bias and feedback for amplifier A2. 

When device 8 is to transmit data, the CPU la produces 
a transmit enable singnal TX EN, as shown in Figure 4A, to 
cause gate Gl to pass data from the UART 12 to the current 
driver section 26, and the data is transmitted over line, 
pair 17. The UART 12 is of course loaded from the CPU lo[ 
with the first byte, and the UART converts the byte into 
serial form and appends the start (1) and stop CO) bits, 
and takes care of parity if desired. For reception, the * 
current receiver section 24 passes the start bit S to the 
CPU 10, which then emits a receiver enable signal RX EN 
(Figure 4B) to the gate G2, which is thereby enabled to : 
pass the received bits from the section 24 to the UART 12.. 
Since the communication is controlled by the device 8, once 
the device 8 has started a transmission it expects to'always 
detect a response. Once the communication from the device 
8 to the transmitter 2 is completed, CPU 10 in the commun- 
ication device 8 monitors the signal from the receiver cir- 
cuit 24. Specifically, CPU 10 detects the transition from 
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20 to 4 mA which occurs after the initial change from 4 
to 20 mA. CPU 10 is thereby alerted to the fact that the 
one bit time later the "start" bit will be supplied, and 
CPU 10 proceeds to enable gate G2. The start bit is then 

5 received from the transmitter 2 and transmission of the 

digital data from the transmitter 2 commences. After the byte 
or bytes are transmitted, the communication is completed at a 
"Stop" bit wherein the loop current is reduced to 4 ma. 
The transmitter 2 after waiting for the preset time t ad- 

10 justs the loop current back to the applicable process vari- 
able current level to produce the normal 4 to 20 mA process 
variable data signals for transmission from the transmitter 
2. 

Figure 3 shows the transmitter 2 in more detail. A re- 
15 ceiver section 24 • is of similar form and function to the 

receiver section 24 of the device 8. A CPU 22 and a UART 23 
are also of broadly similar form and function to the CPU 10 
and UART 12 of the device 8. The CPU 22 is coupled to a 
sensor 64 via an analog-to-digital converter 66, and to a 
20 RAM, a ROM, and a clock source (not shown) in conventional 
manner. 

The transmitter 2 also includes a current controller \ 
26* , which is normally used to transmit the process variable \ 
PV signal, with switch pair SW1A and SW1B (controlled by CPU 

25 22) in the lower position. The CPU 22 feeds the signal to 

be transmitted to the controller 26 f via a digital-to-analog 
converter 31, and the controller 26 9 has capacitor C4. 
coupled to it, ensuring the only slow changes of output can 
occur. For digital transmission, switch pair SW1A-SW1B is 

30 changed over to the positions shown. This removes capacitor 
C4 from the controller 26 f , permitting its output to vary 
rapidly. This changing over of the switch pair also changes 
the main input to controller 26* from. the converter 31 to 
the gate G3 f which is enabled by CPU 22 and fed with serial 

35 data bytes to be transmitted from UART 23. The time con- 
stant capacitor C4, which is switched out of circuit for 
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digital coinmuni cations, stores a value proportional to the 
last process variable current of the 4 to 20 mA range signal. 
When digital communications are completed, the capacitor 
C4 is switched back into the circuit by the switch SW1B 
and the process variable (PV) current transmission is re- 
stored with minimal settling time of the system. 
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CLAIMS 

A data communication system comprising: 
a DC power supply (4); 

a transmitter (2) coupled to the power supply by a 
pair of supply lines (17) over which it is energized 
and which senses a condition and controls the current 
flowing through the supply lines accordingly to gener- 
ate an analog output; and 

means (RO, 70, 74) for sensing the current flowing in 
the supply lines, 

characterized bv a communication device (8), coupled 
to the supply lines, which can generate a digital 
sequence of signal pulses represented by two different 
current levels drawn from the supply lines; 
the transmitter being responsive to the first such pulse 
(S) to terminate its analog output (PV) and receive 
the subsequent pulses. 

A system according to Claim 1 characterized in that the 
transmitter is responsive to a predeterminedperiod 
(t) during digital transmission without a change of 
signal level to recommence its analog output. 
A system according to either previous Claim character- * 
ized in that the transmitter can itself initiate digit- ^ 
al transmission by terminating its analog output and 
generating a digital sequence of signal pulses, the 
communication device being responsive to such pulses. 
A system according to any previous Claim characterized 
in that the transmitter and the communication device 
each include a respective preprogrammed microprocessor 
(22, 10). 
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